Objective: Previous studies have suggested a role for prenatal viral infections in the etiology of schizophrenia; however, little is known about depression. We examined whether in-utero viral infections result in increased risk of depression in later life.
T he role of prenatal infections in causing adult mental illness is contentious. 1 Soon after Menninger 2 suggested influenza as a possible precipitant of schizophrenia, Tramer 3 had identified the season of birth effect. People with nonaffective psychosis are born more commonly in the colder winter and spring months of the year than the general population. 4 This observation has led research to focus on early life, including the prenatal period, as a time when infections may determine vulnerability to later psychosis. Influenza has been a particular target of investigation, although many infections have been studied.
Population association (ecological) studies have exploited epidemic and pandemic influenza. Some studies have involved single epidemics, particularly the 1957-1958 A2 pandemic (the pandemic period was between August 1957 and March 1958, although the peak prevalence was in September and October in 1957). 5, 6 Others have explored relations between the pattern of influenza epidemics and the later incidence of schizophrenia in adults who might have been in utero during the peak of infection. These designs have yielded contrary results, well reviewed by Yolken and Torrey, 1 McGrath et al, 7 Morgan et al, 8 and Bagalkote et al. 9 Samples in which both exposures and outcomes are known in people are less common. Their value lies in the ability to confirm whether it is the same people who are exposed to infections in early life as present with schizophrenia decades later. Rantakallio et al 10 demonstrated a fairly strong association between central nervous system infections in childhood (encephalitis and meningitis) and adult psychotic disorders, particularly for viral infections and schizophrenia. Members of the British 1958 birth cohort were in utero during the 1957-1958 influenza A2 epidemic; however, Crow and Done 11 showed no association in this cohort between prenatal maternal exposure reported after birth and schizophrenia in the adult offspring. Cannon et al 12 followed a cohort from Dublin potentially exposed in utero to the A2 influenza epidemic of 1957-1958. By their mid-30s, there was no excess of schizophrenia in this sample. Unexpectedly, there was an association with affective disorder.
Recently, Brown et al 13 carried out a case-control study (64 subjects, compared with 125 control subjects), nested in a cohort born between 1959 and 1967, for whom maternal serum samples had been drawn during pregnancy. The study demonstrated increased risk of schizophrenia in offspring of mothers exposed to influenza. They also identified elevated maternal interleukin-8 14 and increased maternal toxoplasma IgG antibody 15 with elevated risk of schizophrenia. Buka et al 16, 17 carried out a similar nested case-control study and identified elevated maternal IgG antibody to herpes simplex virus type 2 associated with psychoses in offspring. These 2 birth cohort studies provide a substantive role for in-utero infection or inflammation in the etiology of schizophrenia, although the pathogenic mechanisms in disrupted fetal development 18, 19 remain to be elaborated.
The possible role of in-utero infection in the development of depression in later life has not been studied. In our paper, we test the hypothesis that prenatal exposure to influenza is a risk factor for later depressive illness and investigate the specificity of any association regarding various prenatal viral exposures. Schizophrenia, bipolar disorder, other morbidity outcomes, and mortality will be reported elsewhere.
Materials and Methods
A cohort (n = 3076) born in the United Kingdom between 1946 and 1980, whose mothers were known to have experienced viral infections in pregnancy, were assembled. 20, 21 Subjects came largely from 2 earlier cohorts, 22, 23 which had been assembled to investigate the short-term outcomes of prenatal viral infection analogous to the congenital rubella syndrome, 24 and a putative link between prenatal virus infection and childhood cancer. Most subjects (that is, offspring) were included before the outcome of the pregnancy was known, forming an unbiased sample.
Fine et al 20, 21 combined these samples into a single, exposed cohort. To identify an unexposed comparison group, they matched subjects by birthdate, sex, and area of birth to another cohort (n = 3076) from the UK NHSCR.
These cohorts, one exposed to viruses prenatally, the other not known to have been exposed, were followed-up to June 1996, a mean follow-up of 34 years. Deaths were identified. For the remainder, we identified the PCP from whom to obtain outcome information. The NHSCR provided the FHSA within which study members were registered with a PCP, and a note of those who had emigrated, were in the armed forces, in prison, long-term psychiatric care, or who were not registered with a doctor. The FHSAs then forwarded a morbidity questionnaire to each PCP. The process was repeated for people not traced. Subjects within the armed forces were followed with the help of the Ministry of Defence, and long-term psychiatric hospitals were contacted. The questionnaire included specific questions on the lifetime occurrence of 18 conditions, including depression. Other outcomes, including schizophrenia, epilepsy, mental handicap (mental retardation), and other mental and neurological illness will be reported elsewhere. PCPs were asked to describe in free text any conditions present. They were asked the subject's birthdate to check that the returned information corresponded with the study subject. Discrepancies triggered a checking routine within the NHSCR. Subjects with illogical or complete discrepancies were excluded (n = 29).
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PCPs, blind to virus exposure status, completed the questionnaires depending on their cumulative clinical notes; these cover the life course in UK primary care. Outcome data reported here concern a positive response to the questionnaire item on depression.
We estimated the relative risk of developing depression for offspring of mothers exposed to viral infections in utero, compared with those of mothers not known to have been exposed, using Mantel-Haenszel matched-pair cohort analysis. 25 Point estimates and 95% confidence intervals were calculated to determine the association between virus infections in utero and depression. Missing data, owing to failure to return questionnaires, were assumed to be the mean value. This preserved the power of the matched design.
Individual level consent was not sought. The vast majority of the subjects had no knowledge of their exposure history and it was considered that more harm could be done through informing them of this when the long-term health outcomes were unknown (hence the study) than through maintaining this confidence. The study design had ethical approval from the RECs of the Department of Health and the Royal College of General Practitioners, as well as more than 150 Local Regional Ethical Committees in the United Kingdom. The study also had approval from the investigators' institutional RECs at the London School of Hygiene and Tropical Medicine and the Institute of Psychiatry. Table 1 shows the characteristics of the exposed and unexposed groups. There is only slight difference in median birthdate between 2 groups. The sex ratio for both groups was 1:1.
Results
Among the initial 6152 subjects, 5593 were alive and eligible for follow-up; 4764 completed questionnaires were returned. The overall response of 85% was similar in the exposed and unexposed groups. The study has 99.9% power to detect 2-fold increased risk of developing depression, with 2-sided significance level of 0.05, given the risk of depression in the unexposed group is 9.2% (the observed cumulative incidence of depression on this population). Table 2 shows relative risks of morbidity from depression by virus exposure groups. The total number of subjects noted by their PCPs to have been depressed was 439, a lifetime (thus far) cumulative incidence of 9.2% (439/4764). Analysis of the free text descriptions of the disorders indicated that most subjects were International Classification of Diseases, Ninth Edition codes 311 (depressive disorder not otherwise specified) and 300.4 (neurotic depression).
As shown in the table, these cases were distributed similarly in the exposed and unexposed groups. The overall relative risk for all exposures was very close to unity, with a narrow confidence limit (RR 1.0; 95% CI 0.8 to 1.2). The relative risk for exposure to influenza was 1.0 (95% CI 0.6 to 1.5). For other individual viral exposures the distribution of effects showed a symmetrical distribution around unity (Figure 1 ).
Discussion and Conclusion
Our study excludes a large association between prenatal exposure to influenza and later depression. Given the even distribution of effects around unity with an overall risk ratio of one, this study provides no evidence for an association with any antenatal virus exposure.
Weaknesses of the study include most exposures being clinical diagnoses, and the outcomes being based on primary care notes. Regarding the former, the patterns of congenital disease originally observed in exposure strata 20, 21 are consistent with the putative exposures, including those where clinical confusion may have occurred (for example, between rubella and measles).
CMV cases were confirmed by serology or viral isolation. 20 The exposure status of the other groups was defined by clinical diagnosis. This was likely to have been most accurate for rubella or measles, which have characteristic rashes, than for other categories such as influenza, but no biological samples are available to confirm the diagnosis of maternal infections. 20 It is noteworthy that subjects exposed to CMV confirmed by serology showed a nonsignificant risk ratio of less than 1.
The finding is inconsistent with misclassification of exposure leading to false-negative results (Figure 1) . Overall, the observed pattern of risk ratios was also unlikely to be caused by random misclassification of exposure that would lead to lack of precision rather than consistent results around unity. Nevertheless, our results need replicating with independent datasets where laboratory measurements during pregnancy have been used to classify exposure. Some misclassification of outcome (depression) might have occurred, but the blind ratings by PCPs should have prevented any systematic bias. The overall prevalence of depression (9.2%) is reasonable given that the subjects were, on average, aged only 34 years, and that the findings relied on clinical notes rather than interview. Given that the PCPs were prompted specifically for schizophrenia, bipolar disorder, and other mental illness, we do not think that these syndromes will have been misclassified as depression; primary care records of these diagnoses, which are usually made by psychiatrists, are likely to be accurate. 26 The strength of the study is its prospective nature, with viral exposure and outcome known in a large number of people. The matched-pair design controlled for confounding by age, sex, and area of birth, and ensured efficiency in terms of statistical power. Together with the remarkably high proportion of follow-up achieved, the blind assessments lend weight to the overall finding of no association between prenatal virus exposure and depression in adult life.
In conclusion, our study provides evidence of no major effect of in-utero exposure to viral infection in the risk of subsequent nonpsychotic affective disorder. Together with previous studies, our study suggests that the role of prenatal viral infections in the etiology of mental illness, if it exists at all, may be infection-specific. Further analyses on schizophrenia, bipolar disorder, and mental illnesses other than depression are required.
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Résumé : Aucune association entre une infection virale prénatale et la dépression subséquente dans la vie -une étude de cohorte à long terme de 6 152 sujets
Objectif : Des études précédentes ont suggéré que les infections virales prénatales avaient un rôle dans l'étiologie de la schizophrénie; cependant, on en sait peu sur la dépression. Nous avons étudié si les infections virales in utero entraînaient un risque accru de dépression plus tard dans la vie.
Méthode : Nous avons repéré une cohorte (n = 3 076) née entre 1946 et 1980, dont les mères avaient souffert d'infections virales connues durant la grossesse. Les sujets ont été individuellement jumelés selon la date de naissance, le sexe, et la région de la naissance à une autre cohorte (n = 3 076) du registre central national des services de santé du R.-U. (NHSCR). Ces 2 cohortes, l'une exposée aux virus en période prénatale, l'autre non réputée avoir été exposée, ont ensuite été suivies jusqu'en juin 1996 par un questionnaire sur la morbidité envoyé à leurs médecins en soins de première ligne. Ce questionnaire comprenait des items spécifiques sur les troubles affectifs, la schizophrénie, le handicap mental (retard mental), l'épilepsie, ainsi que d'autres troubles du système nerveux central et des maladies somatiques spécifiées, tous codés selon la Classification internationale des maladies, 9 e édition. Les certificats de décès ont été fournis par le NHSCR. Une méthode pour les données de cohortes en paires appariées a servi à calculer le risque relatif et les intervalles de confiance de 95 % pour la dépression dans la cohorte exposée et celle non exposée en variant le type d'exposition virale.
Résultats :
La réponse au questionnaire a été élevée (85 %). Il n'y avait pas de risque général accru de dépression associé à l'exposition virale; un intervalle de confiance étroit gravitait autour de l'unité (RR = 1,0, 95 % IC 0,8 à 1,2); les effets des expositions virales individuelles tournaient tous autour de l'unité. Conclusions : Les résultats n'appuient pas l'hypothèse de l'association de l'exposition à une infection virale in utero avec le risque de trouble affectif non psychotique subséquent. Il faut d'autres analyses sur la schizophrénie, le trouble bipolaire, et la maladie mentale autre que la dépression.
